IMPROVEMENT OF METHOD OF DETECTING PATH TIMINGS 
AND CDMA RECEIVING APPARATUS USING THE SAME 



Background of the Invention 

5 1 . Field of the Invention 

The present invention relates to a CDMA (Code 
division multiple access) receiving apparatus and a 
method of detecting a path. 
2 . Description of the Related Art 

10 A CDMA receiving apparatus is conventionally 

known which is composed of a finger section, a 
searcher section and a RAKE synthesizing section, the 
searcher section is composed of a correlation unit 
group, an adder group and a path control section. The 

15 path control section searches a reception timing with 
a high level from correlation values before and after 
the addition, and the finger section determines the 
reception timing. The finger section detects a valid 
path at the determined reception timing, and the RAKE 

20 synthesizing section RAKE - synthesizes the detected 
paths . 

The path control section in the conventional 
CDMA receiving apparatus will be described below with 
reference to Fig. 1. 
25 Fig. 1 is a block diagram showing the 

structure of the path control section of the 
conventional CDMA receiving apparatus. As shown in 



Fig. 1, the conventional path control section 23 is 
composed of a peak detecting section 31, a threshold 
value processing section 32, a memory section 33 and a 
protection processing section 34. Also, the above- 
5 mentioned threshold value processing section 32 is 
composed of a reference threshold value calculating 
section 322 and a determining section 323. The above- 
mentioned memory section 33 is composed of a threshold 
value memory section 331 and a protection path memory 

10 section 332. 

In the above-mentioned threshold value 
processing section 32, the above-mentioned reference 
threshold value calculating section 322 reads a 
maximum peak level threshold value i and a noise level 

15 threshold value j from the above-mentioned threshold 
value memory section 331. Then, the reference 
threshold value calculating section 322 calculates a 
peak level reference threshold value k ((a peak level 
reference threshold value k) = (the maximum peak 

20 level) -(the maximum peak level threshold value i)) 

from the above-mentioned maximum peak level threshold 
value i and the maximum peak level which is sent from 
the above-mentioned peak detecting section 31 (not to 
shown). Also, the reference threshold value 

25 calculating section 322 calculates the noise level 
reference threshold value 1 ((noise level reference 
threshold value 1) = (a noise level g) + (a noise 



level threshold value j ) ) from the noise level g which 
is sent from peak detecting section 31 and the above- 
mentioned noise level threshold value j . Moreover, 
the above-mentioned reference threshold value 
5 processing section 322 outputs the above-mentioned 
calculated peak level reference threshold value k and 
the above-mentioned noise level reference threshold 
value 1 to the above-mentioned determining section 323. 
In the above-mentioned threshold value 

10 processing section 32, the above-mentioned determining 
section 323 carries out threshold value processing to 
select a path higher than the above-mentioned peak 
level reference threshold value k and the above- 
mentioned noise level reference threshold value 1 from 

15 the peak levels f which are sent from the peak 

detecting section 31. Then, a reception timing of the 
selected path is set to a search peak timing m. Also, 
the peak level of the selected path is set to the 
search peak level n. The above search peak timing m, 

20 the above-mentioned peak level, and the search peak 
level n are outputted to the above protection 
processing section 34. 

The above protection processing section 34 
reads the protection path timing p and protection path 

25 state q as a result of the protection processing in 
the previous cycle from the above protection path 
memory section 332. Then, the protection processing 



section 34 carries the protection process using the 
search peak timing m as a reception timing of the path 
which is found out in a current cycle and determines a 
valid path. Then, the protection processing section 
5 34 outputs the reception timing of each path 

determined to be a valid path as a search path timing 
b to the finger section 11. Also, the protection 
processing section 34 writes a protection path timing 
p and a protection path state q as a result of current 

10 cycle in the protection path memory section 332. 

When the reception timing of the path which 
has been found out in the processing in the previous 
cycle is not found out in the processing in the 
current cycle, it is not determined in the above 

15 protection processing that the concerned path is an 

invalid path, but it is determined that the concerned 
path is an invalid path when his status continues for 
a predetermined number of times (front protection 
processing). In the same way, the path which is first 

20 found out in the current cycle is not determined to be 
a valid path, but the path is determined to be a valid 
path when the path is found out at the reception 
timing for the predetermined number of times (back 
protection processing). This predetermined number of 

25 times is possible to set using a parameter. The 

protection processes is carried out in such a manner 
that the allocation of the valid path does not change 
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frequently even if the reception level change due to 
fading and so on and the reception timing changes 
little . 

Next, a specific example of the conventional 
5 threshold value process will be described with 
reference to Figs. 2A and 2B. 

Figs. 2A and 2B are graphs showing a specific 
example of the conventional threshold value process. 

In the conventional threshold value process, 

10 the path equal to or lower than the peak level 

reference threshold value k is not used due to a peak 
level reference threshold value k in the region where 
the propagation environment is good, as shown in 2A, 
even if a peak level is equal to or higher than the 

15 noise level reference threshold value 1. The RAKE 
synthesis is carried out using paths equal to or 
higher than the peak level reference threshold value k. 
Also, the path equal to or lower than the noise level 
reference threshold value 1 is not used due to the 

20 noise level reference threshold value 1 in the region 
where the propagation environment is bad, as shown in 
Fig. 2B, even if a peak level is equal to or higher 
than the peak level reference threshold value k. The 
RAKE synthesis is carried out using paths equal to or 

25 higher than the noise level reference threshold value 
1 . 

However, there are the following problems in 



the above-mentioned conventional technique. Fig. 3 is 
a graph showing a conventional threshold value 
processing example in the propagation environment in 
which there is a stronger path so as to be error fee. 
5 The first problem is in that a path unstable 

near a noise level is used for the RAKE synthesis 
depending on the value of the maximum peak level 
threshold value in the propagation environment in 
which there is so a stronger path as to be error free, 

10 so that the reception characteristic is deteriorated, 
as shown in Fig. 3. The reason is in that means for 
carrying out the optimal threshold value processing is 
not provided in case of being the propagation 
environment in which there has so a stronger path as 

15 to be error free in the conventional method of 
detecting path timings. 

Fig. 4 is a graph showing the conventional 
threshold value processing example in the propagation 
environment near a sensitivity point. 

20 The second problem is in that all paths 

corresponding to the peaks which are found out in the 
current cycle are handled as invalid paths in the 
threshold value processing depending on the value of a 
noise level threshold value j , in the propagation 

25 environment near the sensitivity point and the path to 
be used for RAKE synthesis can not be detected so that 
the reception characteristic is deteriorated, as shown 



in Fig. 4. The reason is in that means for carrying 
out the optimal threshold value processing is not 
provided in case of the propagation environment near 
the sensitivity point in the conventional method of 
5 detecting path timings. 

In conjunction with the above description, a 
spectrum spreading communication apparatus is 
disclosed in Japanese Laid Open Patent application 
(JP-A-Heisei 10-164011). In this reference, the 

10 spectrum spreading communication apparatus is composed 
of a plurality of demodulation correlation units for 
dispreading a reception signal which is subjected to 
spectrum spreading and for demodulating. A plurality 
of tracking correlation units are for synchronization 

15 tracking of the demodulation correlation units. A 
search correlation unit searches the phase of 
demodulation despreading code. A RAKE synthesizing 
unit synthesizes matches the phases of the outputs of 
the plurality of demodulation correlation units and 

20 carries out a weighting operation. A search 

processing section sorts the correlation values 
outputted in order from the search correlation units 
in a larger order and gives candidates of the phase of 
the demodulation despreading code to the tracking 

25 correlation units. A demodulation path selecting 

section is provided to be composed of a section for 
comparing the plurality of peaks outputs from the 



tracking correlation units with each other. A 
selecting section selects phases of the above- 
mentioned peak outputs in order from the maximum peak. 
A giving section gives the selected phases to the 
5 plurality of demodulation correlation units as the 
phases of the demodulation despreading code. 

Also, a spectrum spreading communication 
apparatus is disclosed in Japanese Laid Open Patent 
application (JP-A-Heisei 11-4212). In this reference, 

10 signals (fl-1 to fl-4) of a plurality of narrowband 
are extracted from a signal (fl) in a frequency band 
used for spectrum spreading communication using a 
plurality of band path filters (7a to 7d) , 
respectively. The level of each of these extracted 

15 signals is compared with a predetermined threshold 
value. It is determined that a reception wave exist 
when each of all the signals is equal to or higher 
than a threshold value. 

A Cellar system, a mobile terminal, a base 

20 station unit and a method of detecting an optimal path 
are disclosed in Japanese Laid Open Patent application 
(JP-A-Heisei 11-251962). In this reference, a cellar 
system using a code division multiple access (CDMA) 
system is composed of a plurality of finger circuits 

25 and a search engine section. The search engine 

section is composed of a reception level measuring 
section which detects a reception level of the 



reception signal and compares the reception level with 
a predetermined threshold value. A plurality of 
despreading sections multiply the reception signal and 
spreading codes. An internal memory stores 
5 correlation signals from the plurality of despreading 
sections. A reception path timing generating section 
detects a reception path from outputs of the internal 
memory and generates path timing. It is determined 
whether or not the correlation signals of the internal 

10 memory should be outputted to the reception path 
timing generating section, in accordance with the 
comparing and determining result of the reception 
level measuring section. 

Also, a reception timing detection circuit of 

15 a CDMA receiving apparatus is disclosed in Japanese 
Patent No. 2,751,959. In this reference, the 
reception timing detection circuit of the CDMA 
receiving apparatus is used for a mobile communication 
system using a direct spreading code division multiple 

20 access (DS-CDMA) system. The reception timing 

detection circuit is composed of a series correlation 
unit which calculates correlation signals between a 
reception signal and a known signal sequence for every 
predetermined period within a predetermined time 

25 interval, and outputs the correlation signals 

indicating the correlations. An interpolation filter 
samples the correlation signal again at a frequency 



which is higher than a sampling frequency and outputs 
a sampled correlation signal. A power calculating 
section calculates the power of the sampled 
correlation signal and outputs the calculated 
5 correlation signal powers. An averaging section 

averages the calculated correlation signal powers over 
a plurality of periods and outputs an average 
correlation signal power. A peak detecting section 
detects a peak of the average correlation signal power, 

10 and determines timing when the peak is detected as a 
reception timing of the CDMA receiving apparatus. 

A spectrum spreading communication receiver 
is disclosed in Japanese Patent No. 2,853,705. In 
this reference, the spectrum spreading communication 

15 receiver is composed of a spreading code generating 
section for generating a spreading code, and a 
demodulating section for demodulating a received 
signal. A demodulation signal is outputted from the 
demodulating section as a composite data. A searcher 

20 section inputs the demodulation signal from the 

demodulating section and the spreading code from the 
spreading code generating section and finds a 
plurality of search paths having correlation peaks 
which are apart from each other by one or more chips 

25 in a search region based on the demodulation signal 
and the spreading code. A tracking section tracks a 
plurality of tracking paths which are apart from each 



other by one or more chips based on correlations 
between the demodulation signal and the spreading code, 
and finds correlation levels between the tracking 
paths. A path capturing and holding section compares 
5 the search path from the searcher section and a 

tracking path from the tracking section, carries out 
back protection in case of coincidence detection of 
the paths and carries out front protection in case of 
extinction of the paths. The path capturing and 

10 holding section classifies the path holding state of 
the tracking path into a complete step out state, a 
back protection state, a complete protection state, 
and a front protection state, and holds a plurality of 
paths. A correlation demodulation path selecting 

15 section selects and output a path to be demodulated 
based on the path state from the path capturing and 
holding section and the correlation level from the 
tracking section. A RAKE section detects the 
demodulation path indicated from the correlation 

20 demodulation path selecting section based on the 

correlation between the demodulation signal from the 
demodulating section and the spreading code from the 
spreading code generating section and carries out RAKE 
synthesis to output as the demodulation data. A 

25 demodulating section decodes the demodulation data 
from the RAKE section and outputs decoding data. 



.- 1 2 . - 

Summary of the Invention 

Therefore, an object of the present invention 
is to provide a CDMA receiving apparatus and a method 
of detecting path timings in which the optimal 
5 threshold value processing can be carried out even in 
all the propagation environments including a 
propagation environment which there is so a stronger 
path as to be error free, and a propagation 
environment near a sensitivity point, and which 

10 realizes a good reception characteristic. 

In an aspect of the present invention, a CDMA 
receiving apparatus includes a searcher section, a 
finger section, a RAKE synthesizing section and a 
decoding section. The searcher section has a 

15 protection path memory, generates a delay profile from 
a reception signal, and finds peaks from the delay 
profile based on a variable peak level reference 
threshold value and a variable noise level reference 
threshold value which are determined based on the 

20 delay profile. Also, the searcher section reads out 
protection path data in a previous cycle from the 
protection path memory, and determines timings of 
valid paths based on timing of the found peaks and 
protection path timings of the read out protection 

25 path data. The finger section detects a signal from 

the reception signal for every path in response to the 
valid path timings. The RAKE synthesizing section 



carries out RAKE synthesis to the detected signals to 
produce a RAKE synthesis signal. The decoding section 
decodes the RAKE synthesis signal. 

Here, the searcher section may variably 
5 determine the variable peak level reference threshold 
value and the variable noise level reference threshold 
value based on a maximum peak level and a noise level 
in the delay profile. In this case, the searcher 
section may have a threshold value memory storing a 

10 maximum peak level threshold value and a noise level 

threshold value. The searcher section may calculate a 
level difference between the maximum peak level and 
the noise level in the delay profile, and read out the 
maximum peak level threshold value and the noise level 

15 threshold value from the threshold value memory based 
on the level difference, and determine the variable 
peak level reference threshold value and the variable 
noise level reference threshold value based on the 
maximum peak level and the noise level in the delay 

20 profile and the maximum peak level threshold value and 
the noise level threshold value. 

Also, the searcher section may determine the 
variable peak level reference threshold value by 
subtracting the maximum peak level threshold value 

25 from the maximum peak level, and the variable noise 
level reference threshold value by adding the noise 
level threshold value to the noise level. 
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Also, the maximum peak level threshold value 
may have a larger value when the level difference is 
lager and the noise level threshold value may have a 
smaller value when the level difference is smaller. 
5 Also, the searcher section may find the peaks 

from the delay profile based on the variable peak 
level reference threshold value and the variable noise 
level reference threshold value which are determined 
based on the protection path data in addition to the 

10 delay profile. In this case, the searcher section may 
variably determine the variable peak level reference 
threshold value and the variable noise level reference 
threshold value based on a maximum peak level for the 
valid paths indicated by the protection path data and 

15 a noise level in the delay profile. 

Also, the searcher section may have a 
threshold value memory storing a maximum peak level 
threshold value and a noise level threshold value. In 
this case, the searcher section may calculate a level 

20 difference between the maximum peak level and the 
noise level in the delay profile, and read out the 
maximum peak level threshold value and the noise level 
threshold value from the threshold value memory based 
on the level difference, and determine the variable 

25 peak level reference threshold value and the variable 
noise level reference threshold value based on the 
maximum peak level and the noise level in the delay 



profile and the maximum peak level threshold value and 
the noise level threshold value. 

Also, the searcher section may determine the 
variable peak level reference threshold value by 
5 subtracting the maximum peak level threshold value 
from the maximum peak level, and the variable noise 
level reference threshold value by adding the noise 
level threshold value to the noise level. In addition, 
the maximum peak level threshold value may have a 

10 larger value when the level difference is lager and 
the noise level threshold value may have a smaller 
value when the level difference is smaller. 

Also, the searcher section may variably 
determine the variable peak level reference threshold 

15 value and the variable noise level reference threshold 
value based on a time average of peak levels of the 
valid paths indicated by the protection path data and 
a time average of noise levels in place of the maximum 
peak level and the noise level in the delay profile. 

20 In this case, when the searcher section have a 

threshold value memory storing a maximum peak level 
threshold value and a noise level threshold value, the 
searcher section may calculate a level difference 
between the peak level time average and the noise 

25 level time average, and read out the maximum peak 

level threshold value and the noise level threshold 
value from the threshold value memory based on the 



level difference, and determine the variable peak 
level reference threshold value and the variable noise 
level reference threshold value based on the maximum 
peak level and the noise level in the delay profile 
5 and the maximum peak level threshold value and the 
noise level threshold value. 

In this case, the searcher section may 
determine the variable peak level reference threshold 
value by subtracting the maximum peak level threshold 

10 value from the maximum peak level, and the variable 
noise level reference threshold value by adding the 
noise level threshold value to the noise level. In 
addition, the maximum peak level threshold value may 
have a larger value when the level difference is lager 

15 and the noise level threshold value may have a smaller 
value when the level difference is smaller. 

In another aspect of the present invention, a 
method of determining path timings in a CDMA receiving 
apparatus may be attained by (a) generating a delay 

20 profile from a reception signal; by (b) finding peaks 
from the delay profile based on a variable peak level 
reference threshold value and a variable noise level 
reference threshold value which are determined based 
on the delay profile; by (c) reads out protection path 

25 data in a previous cycle from the protection path 

memory; and by (d) determining timings of valid paths 
based on timing of the found peaks and protection path 



timings of the read out protection path data. 

Here, the (b) step may be attained by (e) 
variably determining the variable peak level reference 
threshold value and the variable noise level reference 
5 threshold value based on a maximum peak level and a 
noise level in the delay profile. 

In this case, the (e) step may be attained by 
(f) calculating a level difference between the maximum 
peak level and the noise level in the delay profile; 

10 by (g) reading out a maximum peak level threshold 
value and a noise level threshold value from a 
threshold value memory based on the level difference, 
the threshold value memory storing the maximum peak 
level threshold value and the noise level threshold 

15 value; and by (h) determines the variable peak level 

reference threshold value and the variable noise level 
reference threshold value based on the maximum peak 
level and the noise level in the delay profile and the 
maximum peak level threshold value and the noise level 

20 threshold value. 

Also, the (h) step may be attained by (i) 
determining the variable peak level reference 
threshold value by subtracting the maximum peak level 
threshold value from the maximum peak level, and the 

25 variable noise level reference threshold value by 

adding the noise level threshold value to the noise 
level . 



Also, the maximum peak level threshold value 
has a larger value when the level difference is lager 
and the noise level threshold value has a smaller 
value when the level difference is smaller. 

Also, the (b) step may be attained by (j) 
finding peaks from the delay profile based on a 
variable peak level reference threshold value and a 
variable noise level reference threshold value which 
are determined based on the protection path data in 
addition to the delay profile. 

In this case, the ( j ) step may be attained by 
variably determining the variable peak level reference 
threshold value and the variable noise level reference 
threshold value based on a maximum peak level for the 
valid paths indicated by the protection path data and 
a noise level in the delay profile. 

Also, the (b) step may be attained by (k) 
variably determining the variable peak level reference 
threshold value and the variable noise level reference 
threshold value based on a time average of peak levels 
of the valid paths indicated by the protection path 
data and a time average of noise levels in place of 
the maximum peak level and the noise level in the 
delay profile. 



Brief Description of the Drawings 
Fig. 1 is a block diagram showing the 
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structure of a path control section in a conventional 
CDMA receiving apparatus; 

Figs. 2A and 2B are graphs showing a specific 
example of the conventional threshold value 
5 processing; 

Fig. 3 is a graph showing an example of 
conventional threshold value processing in propagation 
environment in which there is so a stronger path as to 
be error free; 
10 Fig. 4 is a graph showing an example of 

conventional threshold value processing in a 
propagation environment near a sensitivity point; 

Fig. 5 is a block diagram showing the 
structure of a CDMA receiving apparatus according to a 
15 first embodiment of the present invention; 

Fig. 6 is a block diagram showing the 
detailed structure of a searcher section in the first 
embodiment ; 

Fig. 7 is a block diagram showing the 
20 detailed structure of a path control section in the 
first embodiment; 

Fig. 8 is a flow chart showing an operation 
of the CDMA receiving apparatus in the first 
embodiment ; 

25 Fig. 9 is a graph showing relation of 

reception timing and pos t - addition correlation value; 

Figs. 10A to 10C are graphs showing specific 



examples of threshold value processing in accordance 
with a level difference h between a maximum peak level 
and a noise level g; 

Fig. 11 is a block diagram showing the 
5 detailed structure of the path control section in a 
second embodiment; and 

Fig. 12 is a block diagram showing the 
detailed structure of a path control section in a 
third embodiment . 

10 

Description of the Preferred Embodiments 

A CDMA receiving apparatus and a method of 
detecting path timings according to the present 
invention will be described below with reference to 

15 the attached drawings. The following description 
gives the embodiments of the present invention but 
does not limit them. 
[The First Embodiment] 

The CDMA receiving apparatus and the method 

20 of detecting path timings of the first embodiment of 

the present invention will be described with reference 
to Figs. 5 to 10C and a table 1. First, the structure 
and operation in the first embodiment will be 
described with reference to Figs. 5 to 7. 

25 Fig. 5 is a block diagram showing the 

structure of the CDMA receiving apparatus in the first 
embodiment . 
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As shown in Fig. 5, the CDMA receiving 
apparatus 10 is composed of a finger section 11, a 
searcher section 12, a RAKE synthesizing section 13 
and a decoding section 14. Also, the above-mentioned 
5 finger section 11 is composed of n finger units. 

A reception signal inputted to the CDMA 
receiving apparatus 10 is supplied to the finger 
section 11 and the searcher section 12, respectively. 
The searcher section 12 finds correlation values while 

10 shifting the timing of the despreading of the 

reception signal a little by little, and looks for the 
optimal reception timings. Then, the searcher section 
12 instructs the reception timing at which the 
reception signal should be received by the finger 

15 section 11 to the fingers #0 to #n which are the 

finger units of the finger section 11 as peak timings 
b (hereinafter, search path timings b). 

The finger section 11 carries out the 
despreading of the reception signal at the reception 

20 timings instructed as the search path timings b and 

carries out the detecting operations. The outputs of 
the finger section 11 are supplied to and added in the 
RAKE synthesizing sections 13, respectively, and post- 
addition is decoded by the decoding section 14. Here, 

25 the fingers #0 to #n of the finger section 11 are 

provided in accordance with the number of paths to be 
processed by the CDMA receiving apparatus 10, and if 



the number of fingers is n=9 in the finger section 11, 
the RAKE synthesis of a maximum of 10 paths becomes 
possible . 

Fig. 6 is a block diagram showing the 
detailed structure of the searcher section 12 in Fig. 
5. As shown in Fig. 6, the searcher section 12 is 
composed of a group of correlation units 21, a group 
of adders 22, a path control section 23, a spreading 
code generating section 24 and a search delay circuit 
25 . 

The reception signal is supplied to the 
searcher section 12 and is supplied to the correlation 
units of the group 21. The respective correlation 
units carry out despreading operations at the 
reception timings which are different from one after 
another by a little. The correlation value c as the 
output of each correlation unit is supplied to a 
corresponding one of the adders of the group 22. Each 
adder adds or integrates the correlation values c by 
the specified number of times (which is variable as a 
parameter) and outputs a pos t - addition correlation 
value d to the path control section 23. The, the 
post-addition value d is referred to as a delay 
profile, hereinafter. The spreading code generating 
section 24 generates a spreading code for the 
correlation units 21 for the despreading operation and 
output it to the search delay circuit 25. The path 



control section 23 searches reception timings for 
paths with higher levels from the post -addition 
correlation value d and determines whether or not the 
path at the searched reception timing is a valid path, 
after detecting a peak. Then, the path control 
section 23 outputs the reception timing for each path 
determined to be the valid path to the finger section 
11 as the search path timing b. 

Fig. 7 is a block diagram showing the 
detailed structure of the path control section 23 of 
Fig. 6. As shown in Fig. 7, the path control section 
23 is composed of a peak detecting section 31, a 
threshold value processing section 32, a memory 
section 33 and a protection processing section 34. 
Also, the above-mentioned threshold value processing 
section 32 is composed of a level calculating section 
321, a reference threshold value calculating section 
322 and a determining section 323. Moreover, the 
above-mentioned memory section 33 is composed of a 
threshold value memory section 331 and a protection 
path memory section 332. The threshold value memory 
section 331 holds the level difference h sent from the 
reference threshold value calculating section 322, and 
a maximum peak level threshold value i and a noise 
level threshold value j which are predetermined in 
accordance with the level difference h. The above 
protection path memory section 332 holds a protection 



path timing p and a protection path state q which are 
sent from the above protection processing section 34. 

The peak detecting station 31 searches the 
reception timings with high levels for the specified 
number of peaks (which are variable as a parameter) 
from the correlation value d after the addition which 
is transmitted from the above-mentioned adder group 22, 
and outputs a peak timing e for each path and a peak 
level f to the threshold value processing section 32, 
after detecting the peak. In the same way, the peak 
detecting station 31 calculates an average of the 
correlation values d after the addition except the 
peak and outputs to the threshold value processing 
section 32 as a noise level g. 

In the threshold value processing section 32, 
the level difference calculating section 321 
calculates the level difference h between the maximum 
peak level of the peak levels f and the noise level g 
and outputs it to the reference threshold value 
calculating section 322. The reference threshold 
value calculating section 322 reads the maximum peak 
level threshold value i and the noise level threshold 
value j from data which have been previously stored in 
the threshold value memory section 331 in accordance 
with the level difference h. Then, the reference 
threshold value calculating section 322 calculates the 
peak level reference threshold value k from the 



maximum peak level and the maximum peak level 
threshold value i. Also, the reference threshold 
value calculating section 322 calculates the noise 
level reference threshold value 1 from the noise level 
g and the noise level threshold value j. Moreover, 
the reference threshold value calculating section 322 
outputs the peak level reference threshold value k and 
the noise level reference threshold value 1 to the 
determining section 323. 

Here, it is supposed that the peak level 
reference threshold value k is lower than the maximum 
peak level by the maximum peak level threshold value i. 
Also, it is supposed that the noise level reference 
threshold value 1 is higher than the noise level g by 
the noise level threshold value j . The values of the 
maximum peak level threshold value i and noise level 
threshold value j are separated by the level 
difference h between the maximum peak level and the 
noise level g. The peak level reference threshold 
value k is set to be a higher value, when the level 
difference h is larger, that is, in the propagation 
environment in which there is so a stronger path as to 
be error free, compared with the case that there is no 
so strong path. Therefore, when the level difference 
h is larger, the maximum peak level threshold value i 
is decreased. On the other hand, the noise level 
reference threshold value 1 is set to be a lower vale 



when the level difference h is smaller, that is, in 
the propagation environment near the sensitivity point, 
compared with the case that the peak is not near the 
sensitivity point. Therefore, the level difference i 
is smaller, the noise level threshold value j is set 
to be smaller. 

The determining section 323 carries out the 
threshold value processing to select paths equal to or 
higher than the peak level reference threshold value k 
and the noise level reference threshold value 1 from 
among the supplied peak levels f. Then, the 
determining section 323 outputs each of the paths with 
levels equal to higher than the threshold value to the 
protection processing section 34 as a search peak 
timings m and a search peak level n. The protection 
processing section 34 reads data as a result of the 
protection processing in the previous cycle, i.e., a 
protection path timing p and protection path state q 
from the protection path memory section 332, and 
carries out the protection processing by comparing the 
read path and the path found out in the current cycle 
to determines a valid path. Then, the protection 
processing section 34 outputs the reception timing of 
each path determined to be the valid path to the 
finger section 11 at the search path timing b. Also, 
the protection processing section 34 writes the 
protection path timing p and the protection path state 



q which are as the result of the protection processing 
in the current cycle in the protection path memory 
section 332. 

Next, the details of the operation of the 
first embodiment will be described with reference to 
Figs. 8 to IOC and the table 1. Fig. 8 is a flow 
chart of the operation of the first embodiment. 

The peak detecting station 31 searches the 
reception timings with higher levels for the specified 
number of peaks (which are variable as a parameter) 
from the post -addition correlation value or the delay 
profile d, and outputs the peak timing e of each path 
and the peak level f of the path to the threshold 
value processing section 32. Moreover, the peak 
detecting station 31 calculates an average of the 
pos t - addition correlation values d except for the 
peaks as a noise level g and outputs it to the 
threshold value processing section 32 (S41 of Fig. 8) 

Fig. 9 is a graph which is called the delay 
profile showing relation of the reception timings and 
the pos t - addition correlation values d. 

In Figs. 10A to IOC, the horizontal axis 
shows the reception timing and the vertical axis shows 
a level of the pos t - addition correlation values d. 
Figs. 10A to IOC shows that three paths for the 
different reception timings exist as an example. This 
means that a multipath exists. It should be noted 



that symbols s, t and u show the reception timings 
that the levels of the paths becomes maximum. Also, 
Figs. 10A to IOC shows the levels of the paths having 
delay quantity t in the reception timings s, t and u, 
respectively is maximum, i.e., the path is a maximum 
peak level. 

The level difference calculating section 321 
calculates the level difference h between the maximum 
peak level of the peak levels f and the noise level g 
and outputs to the reference threshold value 
calculating section 322 (S42 of Fig. 8). 

The reference threshold value calculating 
section 322 reads the maximum peak level threshold 
value i and the noise level threshold value j as data 
corresponding to the level difference h from the 
threshold value memory section 331 (S43 of Fig. 8). 
Then, the reference threshold value calculating 
section 322 calculates the peak level reference 
threshold value k from the maximum peak level and the 
maximum peak level threshold value i, i.e., ((the peak 
level reference threshold value k) = (the maximum peak 
level) - (the maximum peak level threshold value i)). 
Also, the reference threshold value calculating 
section 322 calculates the noise level reference 
threshold value 1 from the noise level g and the noise 
level threshold value j, i.e., ((the noise level 
reference threshold value 1) = (the noise level g) + 
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(the noise level threshold value j ) ) . The reference 
threshold value calculating section 322 outputs to the 
determining section 323 (S44 of Fig. 8). 



5 Table 1 



propagation 
circumstance 


difference 
between 
maximum peak 
level and 
noise level 


maximum 
peak level 
threshold 
value 


noise 
level 
threshold 
value 


in case of being 
so a strong path 
as to be error 
free 


^ LI 


THp2 
(<THpl) 


THnl 


in case of not 
being so a strong 
path as to be 
error free but not 
being near 
sensitivity point 


LI > and 

^L2 


THpl 


in case of being 
near sensitivity 
point 


L2 > 


THn2 
( <THnl ) 



The table 1 shows an example of the maximum 
peak level threshold value i and the noise level 

10 threshold value j which correspond to the level 

difference h between the maximum peak level and the 
noise level g. The values of the maximum peak level 
threshold value i and noise level threshold value j 
are determined in accordance with the level difference 

15 h between the maximum peak level and the noise level g. 
When there is not so a strong path as to be error free 
and the path is not near the sensitivity point, 
specifically, the level difference h is equal to or 
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more than L2 and less than LI (LI, L2 are 
predetermined values), it is set to i=Thpl and j=Thnl 
(Thpl and Thnl are predetermined values). When level 
difference h is large relatively, that is, when the 
5 propagation environment has so a stronger path as to 
be error free, the peak level reference threshold 
value k is increased, compared with the case which 
there is no a strong path, and an unstable path near 
the noise level is invalidated through the threshold 
10 value processing. When the level difference h is 

large, the maximum peak level threshold value i is set 
to be smaller. Specifically, when the level 
difference h is equal to or more than LI, it is set to 
i=Thp2, Thp2<Thpl (Thp2 is a predetermined value), 
15 j=Thnl. On the other hand, when the level difference 
h is small relatively, that is, in the propagation 
environment near the sensitivity point, the noise 
level reference threshold value 1 is decreased, 
compared with the case which is not near the 
20 sensitivity point. Thus, the noise level threshold 

value j is set to be smaller such that it is possible 
to detect the paths used for the RAKE synthesis near 
the sensitivity point, as the level difference h is 
smaller. Specifically, when the level difference h is 
25 less than L2, it is set to j=Thn2, Thn2<Thnl (Thn2 is 
a predetermined value), i=Thpl . 

The determining section 323 carries out the 



threshold value processing to select paths equal to or 
higher than the peak level reference threshold value k 
and the noise level reference threshold value 1 from 
the supplied peak levels f. Then, the determining 
section 323 outputs a path with a peak level equal to 
or higher than the peak level reference threshold 
value k and noise level reference threshold value 1 
and the reception timing for the path to the 
protection processing section 34 as the search peak 
timing m and the search peak level n (S45 of Fig. 8). 

The protection processing section 34 reads 
the protection path timing p and the protection path 
state q which are as the result of the protection 
processing in the previous cycle, from the protection 
path memory section 332. The protection processing 
section 34 carries out the protection processing using 
the search peak timing m for the path which is found 
out in the current cycle and determines a valid path 
(S46 of Fig. 8). Then, the protection processing 
section 34 outputs a reception timing of each path to 
have determined to be the valid path to the finger 
section 11 as the search path timing b. Also, the 
protection processing section 34 writes the protection 
path timing p and the protection path state q as the 
result in the current cycle in the protection path 
memory section 332. 

In the protection processing, when the path 



found out in the previous cycle and the reception 
timing of the path are not found out in the current 
cycle, the path is not directly determined to be an 
invalid path. It is determined to be the invalid path 
when this state continues for a predetermined number 
of times (The front protection processing) . In the 
same way, the path which is first found out in the 
current cycle is not directly determined to be a valid 
path. When this state continues for a predetermined 
number of times and the path is detected at the same 
reception timing, the path is determined to be a valid 
path (The back protection processing) . The 
predetermined number of times is possible to set as 
the parameter. In this way, the protection processing 
is carried out in such a manner that the allocation of 
the valid path is not frequently changed even if the 
level is changed due to fading and the reception 
timing changes little. 

Here, the protection path state is the number 
of times of non - detect ion the valid path or the number 
of times of detection of the invalid path for the path 
which is counted to a predetermined number of times 
which is set, in case of the front protection 
processing or the back protection processing. Also, 
the protection path timing indicates the reception 
timing of the path to which the protection processing 
is carried out. The path to which the protection 
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processing is carried out is called as the protection 
path . 

Moreover, the operation of the first 
embodiment will be described using a specific example 
5 and referring to Figs. 10A to IOC. Figs. 10A to IOC 
are graphs showing the specific instance of the 
threshold value processing in accordance with the 
level difference h between the maximum peak level and 
the noise level g. Fig. 10A is a graph showing the 
10 threshold value processing in case of being the 
propagation environment in which there is so a 
stronger path as to be error free. Fig. 10B is a 
graph showing the threshold value processing in case 
of being the propagation environment in which there is 
15 not so a stronger path as to be error free and not 

being near the sensitivity point. Fig. 10C is a graph 
showing the threshold value processing in case of the 
propagation environment near the sensitivity point. 
Because Fig. 10B shows that the level 
20 difference h is lower than LI and equal to or higher 
than L2, the maximum peak level threshold value i is 
THpl from the table 1, and the noise level threshold 
value j is THnl from the table 1. 

Next, because the level difference h is equal 
25 to or higher than LI in Fig. 10A, the maximum peak 

level threshold value i is THp2 (<THpl) from the table 
1. Because the peak level reference threshold value k 



is increased, compared with the case that the maximum 
peak level threshold value i shown in Fig. 10B is THpl , 
only a strong path is selected and an unstable path 
near the noise level is not selected. With this, the 
conventional problems can be eliminated that because 
an unstable path near the noise level is used for the 
RAKE synthesis in the propagation environment in which 
there is so a stronger path as to be error free, 
reception characteristic becoming bad. 

On the other hand, because the level 
difference h is lower than L2 in Fig. IOC the noise 
level threshold value j is THn2 ( <THnl ) from the table 
1. Because the noise level reference threshold value 
1 is decreased, compared with the case that the noise 
level threshold value j shown in Fig. 10B is THnl , the 
path used for RAKE synthesis can be detected. With 
this, the conventional problems can be eliminated that 
reception characteristic becomes bad, because the path 
used for RAKE synthesis cannot be detected in the 
propagation environment near the sensitivity point. 

[The Second Embodiment] 

Next, the CDMA receiving apparatus and the 
method of detecting path timings according to the 
second embodiment of the present invention will be 
described with reference to Fig. 11. 

Fig. 11 is a block diagram showing the 



detailed structure of the path control section 23 of 
the second embodiment. As shown in Fig. 11, the path 
control section 23 in the second embodiment is 
composed of the components like those of the above- 
mentioned first embodiment. However, the second 
embodiment is different from the above-mentioned first 
embodiment in the point that the path control section 
23 in the second embodiment is connected to the 
protection path memory section 332 and the level 
calculating section 321. 

The operation of the second embodiment in 
which the protection path memory section 332 is 
connected with the level difference calculating 
section 321 will be described. 

In case of path detection, the level is easy 
to change in a moment due to fading and it is easy for 
the reception timing to change. Therefore, in the 
second embodiment, a threshold value is used in 
accordance with the level difference h between maximum 
level and the noise level for the stable valid path. 

The peak detecting station 31 searches or 
looks for the reception timing with high level for the 
specified number of peaks (which is changeable as a 
parameter) from the correlation values d after the 
addition. After detecting the peak, the peak 
detecting station 31 outputs the peak timing e and the 
peak level f of each path to the threshold value 
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processing section 32. Moreover, the peak detecting 
station 31 calculates an average of the correlation 
values d after the addition except for the peak and 
outputs to the threshold value processing section 32 
5 as a noise level g. 

In the threshold value processing section 32, 
the level difference calculating section 321 first 
reads the protection path timing p and the protection 
path state g as the result of the protection 
10 processing in the previous cycle from the protection 
path memory section 332. Next, the level difference 
calculating section 321 searches the valid path from 
among the peaks found out in the current cycle by 
comparing the peaks found out in the current cycle and 
15 the protection paths. The level difference 
calculating section 321 calculates the level 
difference h between the level of the path with 
maximum level in the valid paths and the noise level g. 
The reference threshold value calculating section 322 
20 reads the maximum peak level threshold value i and the 
noise level threshold value j from the threshold value 
memory section 331 in accordance with the level 
difference h and calculates the peak level reference 
threshold value k and the noise level reference 
25 threshold value 1. When there is not a valid path in 
the peaks found out in the current cycle, the 
reference threshold value calculating section 322 uses 



a path with the maximum level in the peaks found out 
in the current cycle, like the above-mentioned first 
embodiment . 

The determining section 323 carries out the 
5 threshold value processing to select a path equal to 
or higher than the peak level reference threshold 
value k and the noise level reference threshold value 
1 from the supplied peak levels f. 

Then, the determining section 323 outputs reception 

10 timing and a peak level of the path equal to or higher 
than the above-mentioned peak level reference 
threshold value k and noise level reference threshold 
value 1 to the protection processing section 34 as a 
search peak timing m and a search peak level n. 

15 The protection processing section 34 reads 

the protection path timing p and the protection path 
state q as the result of the protection processing in 
the previous cycle from the protection path memory 
section 332. Then, the protection processing section 

20 34 carries out the protection processing using the 
search peak timing m of the path found out in the 
current cycle and determines a valid path. Then, the 
protection processing section 34 outputs the reception 
timing of each path determined to be a valid path to 

25 the finger section 11 as the search path timing b. 

Also, the protection processing section 34 writes the 
protection path timing p in the current cycle and the 
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protection path state q in the' protection path memory 
section 332. 

It is possible to receive a signal more 
stably by carrying out the threshold value processing 
using the threshold values which are determined in 
accordance with the level difference h between the 
maximum peak level and the noise level of the above 
mentioned stable valid path. 

[The Third Embodiment] 

Next , the CDMA receiving apparatus and the 
method of detecting path timings according to the 
third embodiment of the present invention will be 
described with reference to Fig. 12. Fig. 12 is a 
block diagram showing the detailed structure of the 
path control section 23 of the third embodiment. As 
shown in Fig. 12, the path control section 23 in the 
third embodiment is composed of the components like 
those of the above-mentioned first embodiment and a 
time average memory section 333 is provided as a new 
component in the memory section 33. In the current 
cycle average memory section 333 are stored a noise 
level time average v and a valid path level time 
average x. Also, the third embodiment is different 
from the first embodiment in that the above protection 
path memory section 332 and the above-mentioned level 
calculating section 321 are connected but is same as 



the above-mentioned second embodiment. Moreover, the 
third embodiment differs from the above-mentioned 
first embodiment and second embodiment in that the 
protection path level r is stored in the above 
5 protection path memory section 332. 

An operation of the third embodiment will be 
described in which the protection path memory section 
332 and the level difference calculating section 321 
are connected with each other, the protection path 

10 level r is stored in the above protection path memory 
section 332, and the noise level time average v and 
the valid path level time average x are stored in the 
time average memory section 333. 

In case of the path detection, the level is 

15 easy to change due to fading and so on temporally and 
the reception timing is easy to change. Therefore, in 
the third embodiment, a time averaging process is 
carried out using oblivion coefficients. 

First, the protection processing section 34 

20 reads the protection path timing p and the protection 
path state q as the result of the protection 
processing in the previous cycle from the protection 
path memory section 332. Next, the protection 
processing section 34 carries out the protection 

25 processing using the search peak timing m as the 

reception timing of the path found out in the current 
cycle, and determines valid paths. Also, the 



protection processing section 34 averages levels in 
time using a predetermined oblivion coefficient to 
each of the protection paths. The time average level 
is set as the protection path level r. Then, the 
protection path level r is stored in the protection 
path memory section 332 like the protection path 
timing p and the protection path state q in the 
current cycle . 

The peak detecting station 31 searches or 
looks for the reception timing with a high level for 
the specified number of peaks (which is changeable as 
a parameter) from the correlation values d after the 
addition. After detecting a peak, the peak detecting 
station 31 outputs a peak timing e of each path and a 
peak level f to the threshold value processing section 
32. Moreover, the peak detecting station 31 
calculates an average of the correlation values d 
after the addition except the peak and outputs to the 
threshold value processing section 32 as a noise level 

g. 

Next, the level calculating section 321 
carries out a time averaging process to the noise 
levels g sent from the peak detecting section 31 in 
the current cycle, using predetermined oblivion 
coefficients. The time average level is set as the 
noise level time average v. Then, the noise level 
time average v as a result in the current cycle is 
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stored in the time average memory section 333. 

Moreover, the level difference calculating 
section 321 reads out the protection path timing p, 
the protection path state q and the protection path 
5 level r as a result of the protection processing in 
the previous cycle from the protection path memory 
section 332. The level difference calculating section 
321 looks for the valid paths from among the peaks 
found out in the current cycle by comparing the peaks 

10 found out in the current cycle and the protection 

paths, and carries out a time averaging process to the 
levels of the valid paths using predetermined oblivion 
coefficients. The time averaged level is set as the 
valid path level time average x. Then, the valid path 

15 time average x as the result in the current cycle is 
stored in the time average memory section 333. 

The time averaging process using the oblivion 
coefficients will be described here using an equation. 

It is supposed that the oblivion coefficient 

20 A , the level indicating the result of the time 

averaging process to the previous cycle, i.e., the 
level obtained in the process in the previous cycle is 
Lvl(n-l), and the level in the current cycle is Lvl(n). 
In this case, the level obtained through the time 

25 averaging process in the current cycle (hereinafter, 
Lvl ) is shown by the following equation. 

Lvl = A XLvl(n) + ( 1 - A ) X Lvl ( n- 1 ) 
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In the first time, because, there is not a 
level in the previous cycle, Lvl=Lvl(n). Also, 
because there is not a level in the current cycle for 
the path during the front protection, the level with a 
5 larger one of the peak level reference threshold value 
k and the noise level reference threshold value 1 is 
set as a level in the current cycle. 

The reference threshold value calculating 
section 322 reads the maximum peak level threshold 

10 value i and the noise level threshold value j from the 
threshold value memory section 331 in accordance with 
the level difference h between the path with the 
maximum level of the valid path level average x in the 
current cycle and the noise level time average v in 

15 the current cycle. Then, the reference threshold 
value calculating section 322 calculates the peak 
level reference threshold value k and the noise level 
reference threshold value 1. When there is not a 
valid path in the peaks found out in the current cycle, 

20 a path with the maximum level among the peaks found 
out in the current cycle is used like the above- 
mentioned first embodiment. 

The determining section 323 carries out the 
threshold value processing to select paths equal to or 

25 higher than the peak level reference threshold value k 
and the noise level reference threshold value 1 from 
supplied peak levels f. Then, the determining section 



323 outputs a reception timing* and ,a peak level of the 
path equal to or higher than the above-mentioned peak 
level reference threshold value k and noise level 
reference threshold value 1 to the protection 
5 processing section 34 as a search peak timing m and a 
search peak level n. 

As mentioned above, the threshold value 
processing is carried out using a level difference 
between the time average of the maximum peak levels of 

10 the valid paths and the time average of the noise 

levels so that a small fluctuation is ignored and a 
large change is incorporated. Therefore, the more 
stable reception becomes possible. 

The first effect is in that a conventional 

15 problem can be eliminated in which an unstable path 

near the noise level is used for the RAKE synthesis in 
the propagation environment in which there is so a 
stronger path as to be error free, so that the 
reception characteristic is deteriorated. 

20 The reason is in that the values of the 

maximum peak level threshold value i and noise level 
threshold value j are separated based on a level 
difference h between the maximum peak level and the 
noise level g in case of the threshold value 

25 processing, and the peak level reference threshold 
value k is increased when there is a so a stronger 
path as to be error free, compared with the case which 



there is not a strong path, so" that the unstable path 
near the noise level is invalidated in the threshold 
value processing and is not used for the RAKE 
synthesis . 

5 The second effect is in that a conventional 

problem can be eliminated in which all paths for the 
peaks found out in the current cycle are invalidated 
in the threshold value processing in the propagation 
environment near the sensitivity point so that a path 

10 used for the RAKE synthesis can not be detected, 
resulting in deterioration of the reception 
characteristic . 

The reason is in that the values of the 
maximum peak level threshold value i and noise level 

15 threshold value j are separated based on the level 
difference h between the maximum peak level and the 
noise level g in case of the threshold value 
processing, and in the case near the sensitivity point, 
the noise level reference threshold value 1 is 

20 decreased, compared with the case of being not 
sensitivity point, so that in the propagation 
environment near the sensitivity point, the path used 
for RAKE synthesis can be detected. 

In the conventional technique, the optimal 

25 threshold value processing cannot be carried out in 
consideration of the level difference between the 
maximum peak level and the noise level, regardless of 



that the level difference becomes large in the 
propagation environment in which there is so a 
stronger path as to be error free, and the level 
difference between the maximum peak level and the 
5 noise level becomes small in the propagation 

environment near the sensitivity point. On the other 
hand, according to the present invention, a threshold 
value is calculated in accordance with the level 
difference between the maximum peak level and the 

10 noise level. Therefore, the optimal threshold value 
processing can be carried out in consideration of the 
level difference. The optimal threshold value 
processing can be carried out in all the propagation 
environments in which the level difference between the 

15 maximum peak level and the noise level changes. 

Therefore, according to the present invention, 
the above-mentioned threshold value is relatively- 
separated from the above-mentioned noise level in the 
propagation environment in which there is so a 

20 stronger path as to be error free, in which the level 
difference becomes larger between the maximum peak 
level and the noise level gets. Therefore, many- 
unstable paths near the noise level can be cut 
relatively more through the threshold value processing. 

25 Also, the above-mentioned threshold value is 

relatively brought close to the above-mentioned noise 
level in the propagation environment near the 
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sensitivity point in which the* level difference 
becomes small between the maximum peak level and the 
noise level. Therefore, relatively many paths are 
detected near the noise level and the relatively 
5 enough number of paths can be used for the RAKE 

synthesis as a whole. As a result, optimal threshold 
value processing is carried out in all types of the 
propagation environment where the level difference 
between the maximum peak level and the noise level 
10 changes and a good reception characteristic can be 
realized . 



